The GABAA receptor is a member of the ion channel receptor family. It is sensitive to muscimol (agonist) as well as bicuculline and picrotoxin (antagonists). The binding of GABA on its recognition site causes the opening of a chlorine (Cl-) channel, which, allowing the Cl-ions to pass, produces the hyperpolarization of the target cell. The GABAA receptor is a transmembrane glycoprotein composed of 4 subunits, alpha, beta, gamma and delta, currently recognized. It is sensitive to muscimol (agonist) as well as bicuculline and picrotoxin (antagonists). There are several types of GABAA receivers, different from each other by some of their subunits. There are currently 6 subtypes of alpha subunits, 3 subtypes of beta subunits, 3 subtypes of gamma subunits and 1 subtype of delta subunits. This entails not only a great heterogeneity of structure but also a pharmacological heterogeneity, the consequences of which are still poorly understood. The GABAA receptor has, besides the GABA receptor sites, a variety of other topographically distinct receptor sites capable of recognizing pharmacologically active substances, such as benzodiazepines (BZDs) -barbiturates -neurosteroids -convulsants -alcohol. These substances act in an allosteric manner with the GABA receptor sites and modulate the GABAA response.
Introduction
Benzodiazepines have very homogeneous pharmacodynamics properties [1] ; such similarity of action led to the discovery of a common neurobiochemical activity. Thus, the notion of acceptor site with benzodiazepines [2] was revealed according to the same mode of thought which had made it possible to discover the opioid receptors.
Most benzodiazepines (BZDs) are agonists that promote the opening of the Cl-channel by GABA and therefore have an inhibitory effect. They have common pharmacological properties: they are anxiolytic, hypnotic, anticonvulsant; muscle relaxant and can have an amnesic effect. As a result, they potentially have the same indications and the same side effects.
The purpose of this article is therefore to present a review of the GABAA receptor physiology and its benzodiazepine modulator site.
Distribution of GABAA receptors in the brain

Anatomical location "in vitro"
If the affinity of the receptors for diazepam is the same in all regions of the brain, the density is very variable. The strongest concentration is in the frontal cortex. These receptors exist at lower concentrations in the cerebellar cortex, hypothalamus, hippocampus, amygdala and striatum. The lowest density is at the marrow bridge. Finally, there is a total absence of receptors in the subcortical white matter. This unequal distribution of benzodiazepine receptors corresponds to the localization of GABA [3] .
Anatomical location "in vivo"
The method consists in using the positron emission tomography technique. Flunitrazepam, labeled with carbon 11, is administered intravenously at doses corresponding to 15-30 micromoles of cold flunitrazepam. A few minutes after in vivo administration of 11 C flunitrazepam, the radioactivity is greater in the temporal, parietal and occipital cortex [4] .
Intracellular localization
There is no re-uptake of diazepam inside nerve cells. This suggests that the benzodiazepine site of action is located on the cell surface rather than inside the cell itself. The receptors are on the other hand associated with synaptic membranes and control the opening of a chlorine channel. On the ontogenetic level, it has been demonstrated in rats that benzodiazepines are fixed very rapidly just after birth. This goes against the different neuromediators for which the receptors develop later. At the phylogenetic level, benzodiazepine receptors appear late in the evolution of species. Thus, invertebrates are lacking of receptors and amphibians have very few. Then we find the reptiles, the birds which have more. Finally, all mammals have benzodiazepine receptors [5] .
The different constituents of the GABAA complex
The GABA system
The dominant function of gamma-aminobutyric acid is its inhibitory activity [6] . GABA is the first amino acid whose role in neurotransmission was recognized. The nervous system has a concentration of GABA 200 to 1,000 times higher than that of other neurotransmitters (acetylcholine, serotonin …).
• In the spinal cord: the gray substance, in the anterior horn and in particular in the gelatinous substance of Rolando, contains GABAergic interneurons. This location may explain the muscle relaxant activity of benzodiazepines [7] .
• In the cerebellum: the cerebellum contains very many cells of different structures and functions. GABA is the neuromodulator of inhibitory interneurons such as Golgi basket cells and star cells. These neurons send efferences to excitatory cells and fibers whose neuromodulators are aspartic and glutamic acids. Likewise, GABAergic Purkinje cells are the only neurons to send efferences out of the cerebellum to deep nuclei [8] .
• In the extra-pyramidal system: in the striatum, there are also local short-acting regulating interneurons and a striato-nigger GABAergic pathway that inhibits dopaminergic pathway activity [9] .
• Finally, in the cerebral cortex: there are many GABAergic interneuron circuits regulating cortical excitability. Such a physiological function explains, on the one hand, the current trials in the treatment of gabamimetic molecules in the treatment of certain forms of epilepsy and, on the other hand, the antiepileptic activity of benzodiazepines [10] .
Functioning of the GABAergic synapse
GABA is probably not bound to vesicles and attempts to isolate it at the level of synaptosomes have been unsuccessful. It is possible, however, that GABA, easily releasable, is in free form in nerve endings. On the other hand, no degradation enzyme was found in the synapse. Gabatransaminase is essentially mitochondrial, intracellular. This specificity confirms the phylogenetic hypothesis of bacterial symbiotic integration [11] .
The stimulation of the GABAergic neuron leads, as for all the neuromodulators, a massive release of the molecule in the synaptic space. The released GABA has a quadruple become:
1. It binds to the postsynaptic GABA receptor with cyclic AMP formation.
2. It also attaches to a presynaptic receptor. This structure has the role of regulating the release of GABA in the synapse. This is a negative feedback.
3. It tends to diffuse out of the synapse in large quantities and thus extend its inhibitory activity to other neurons in the environment.
4. Finally it is recaptured by the presynaptic neuron where it is degraded by mitochondrial GABA transaminase [12] .
Ionophore chlorine
The physiology of nerve cells is governed by electrical and concentration gradients. There are differences in ionic concentrations on both sides of the membrane. The gradient thus obtained tends to make the Na + and Cl-ions enter and the K + ion to go out.
At the same time, the polarization of the cell membrane (positive outer surface, negative inner surface) tends to make the Na + and K + cations enter and the Cl-anion to leave. The resultant of these opposing forces creates a potential difference (D.D.P.) of -70 mV in the quiescent state.
GABA involves a second messenger, the cyclic AMP (13) . The binding of the neuromodulator with its receptor activates an adenylcyclase attached to the inner wall of the membrane. This molecule transforms AMP into cyclic AMP. This newly synthesized molecule binds under the inhibitory subunit of a membrane protein kinase. There is then a dissociation of the protein kinase which releases a catalytic subunit. This subunit transfers a phosphate radical of ATP to a neighboring protein substrate. This phosphorylated substrate changes its conformation or its position and thus allows the opening of the ionophore chlorine.
Primary structure of the receptor complex
GABAA receptors belong to the family of membrane receptors associated with an ion channel. It is a complex formed of several subunits (it is a transmembrane glycoprotein hetero-oligomer).
Recently biochemical studies and molecular cloning studies have revealed the primary structure of the GABAA complex [14] .
The first hypothesis considered was that of a complex formed of alpha and beta subunits. Determination of the molecular size of the receptor suggested a tetrameric complex. However, a pentameric structure was retained because of the open pore diameter (0.56 mA) (Figure 1 ). GABA would bind to beta subunits and the benzodiazepine binding site would be localized at the alpha subunit level [15] . In vitro reconstitution of such a receptor may in some cases produce a weak effect of benzodiazepines on the activation of the chlorine channel by GABA [16] . Electrophysiological studies of oocytes have revealed that alpha and beta subunit receptors may form the GABA-bound receptor channel, and this receptor may be blocked by bicuculline and picrotoxin. But the combination of alpha and beta is not enough to explain the pharmacological response to benzodiazepines. A ternary combination that additionally Page 3 of5 The GABAA receptor and benzodiazepine acceptor site Copyright: © 2018 Michel Bourin includes a gamma subunit is necessary to produce a correct GABA response, as well as its potentiation by benzodiazepines as normally observed [17] . A receptor composed of subunits (alpha, beta, and gamma) best matches the native receptor, and the simultaneous presence of these 3 subunits provides the correct pharmacological effect. The current hypothesis is based on the cloning of 4 different subunits: (alpha, beta, gamma, and delta). These four subunits have less than 50% homologous sequences, and variations greater than 70%. For example gamma2 at 40% sequence identical to alpha and beta. The structure of each subunit consists of a broad extracellular (N-terminal) domain, 4 transmembrane domains (M1 to M4), a cytoplasmic loop between M3 and M4 and a short extracellular C-terminal region. In addition there are different isoforms of each subunit. We identified: 6 alphas; 4 betas; 2 gammas and 1 delta. But neither the stoichiometry nor the number of copies of each isoform are currently known. The use of polyclonal antibodies has demonstrated that the alpha1 and gamma2 subunits are integral components of the GABA receptor. The distribution of the different isoforms of each subunit is not homogeneous. In the rat brain, the alpha1, beta2 and gamma2 forms are the most distributed, and the most abundant. Other subunits have a smaller or even unique distribution. Of all the subunits, alpha6 is the most restricted, it can play a role in the benzodiazepine tolerance [18] .
Mechanisms of GABA receptor modulation by its different ligands
There is a broad spectrum of ligands capable of binding to the GABA complex (Table 1) . Agonists, inverse agonists, and antagonists are distinguished. If an agonist or inverse agonist has low activity and low ability to activate the receptor, it is considered a partial agonist (as opposed to complete agonists). Complete agonists increase the response to GABA. Their intrinsic activity is positive (positive allostery) [19] . They modulate the receptor by increasing the ability of GABA to act on the chlorine channel.
Inverse agonists produce the opposite effect. Complete agonists (inverse or not) induce a maximal pharmacological effect often before all receptors are activated [20] . All the binding sites of the macromolecular complex are allosterically connected, so that binding on one subunit modifies binding kinetics on the other subunits.
Partial agonists (inverse or not) modulate the receptor in the same way, but with a lower activity. Antagonists have no intrinsic activity (Figure 2 ). The binding of two molecules of GABA on the receptor complex makes it possible to activate it and to allow the opening of the channel. Benzodiazepine receptor agonists would stabilize the receptor in high affinity conformation, whereas inverse agonists would stabilize the receptor in a low affinity conformation. Partial agonists act similarly on both conformations, but to a lesser extent because it distinguishes the two states less well. Partial agonists possess only a part of the properties of complete agonists.
Different classifications of the GABAA receptors and their modular sites
Receptors in the central nervous system have been subdivided into two functional groups: high affinity receptors and low affinity receptors.
At rest the receptors are in a low affinity state and not occupied. When sufficient quanta of GABA are released, an increase in the Kd of the receptor occurs.
The presence of benzodiazepines would make the receptors sensitive to small amounts of GABA, which are insufficient outside this sensitization. The different isoforms of each unit could explain the existence of several types of GABAA receptors. The macro-molecular complexes formed of subunits (alpha, beta, gamma) would be sensitive to benzodiazepines and the complexes (alpha, beta, delta) would not be.
GABA receptors are subdivided according to the presence or absence of GABA modulin. Thus, the GABA2 receptor is associated with modulin, which depends on the allosteric structure of this high affinity receptor. In contrast, the low affinity GABA1 receptor is not regulated by modulin [21] . Currently, classification attempts are based on the type of each isoform present in the receptor. But not all combinations are possible in vivo; moreover, there are several hundred possible. Electrophysiological and pharmacological studies have shown that the properties of different receptors depend on the subunits present. A system therefore relies not only on the composition in subunits but also on the property of the receiver. The receivers are then subdivided into 5 classes (see Table 2 ). Given the current knowledge of the GABA receptor, a classification taking into account the alpha, beta, and gamma and non-delta subunits is sufficient. There is another classification using omega nomenclature [22] . Indeed, a classification based solely on benzodiazepine receptors seems too restrictive. Compounds other than those belonging to the benzodiazepine class, imidazopyridines for example, thus bind to these same receptors with high affinity. Omega receptors would classify all chemical compounds, including benzodiazepines that bind to the same sites. Thus omega1 receptors are related to BZ1 receptors [23] .
Conclusion
Molecular pharmacology has provided us with some keys to better understand the interactions that may exist between several drugs such as benzodiazepines, imidazopyridines and cyclopyrrolones, and barbiturates. It is easier to understand the links between convulsions, sedation, anxiolysis and myorelaxation since they are drugs that act at nearby sites of action that prove effective. A very practical conclusion, do not associate benzodiazepines and other drugs fixing on the macromolecular site, because they can compete (24) .
